Laboratory measurements of rock strength provide limiting values of lithospheric stress, provided that one effective principal stress is known. Fracture strengths are too variable to be useful; however, rocks at shallow depth are probably fractured so that frictional strength may apply. A single linear friction law, termed Byedee's law, holds for all materials except clays, to pressures of more than 1 GPa, to temperatures of 500øC, and over a wide range of strain rates. Byerlee's law, converted to maximum or minimum stress, is a good upper or lower bound to observed in situ stresses to 5 km, for pore pressure hydrostatic or subhydrostatic. Byerlee's law combined with the quartz or olivine flow law provides a maximum stress profile to about 25 or 50 km, respectively. For a temperature gradient of 15øK/km, stress will be dose to zero at the surface and at 25 km (quartz) or 50 km (olivine) and reaches a maximum of 600 MPa (quartz) or 1100 MPa (olivine) for hydrostatic pore pressure. Some new permeability studies of crystalline rocks suggest that pore pressure will be low in the absence of a thick argillaceous cover.
INTRODUCTION
Stresses in the earth cannot exceed the strength of rocks. Therefore measurements of rock strength can be used to set limits on stress in the earth. Here we review what is known about strength of rocks, particularly in the upper, colder parts of the lithosphere, where brittle failure limits the stress. Following the recent work of Goetze and Evans [1979] , we give limiting stresses as a function of depth, noting the strong influence of pore pressure. We test these stresses to about 4 km using published in situ stress levels and plausible assumptions about pore pressure.
It is important to keep in mind the limitations of laboratory measurements in any discussion of lithospheric stress. They provide only one thing, namely, the maximum stress difference which rocks can support at some pressure, temperature, and strain rate. We will call this maximum stress difference, or strength, S, where S = I(Ol -o3)1. Provided one of the principal stresses, Ol or 03, is known at some point in the earth, the maximum or minimum value of the other can be calculated from laboratory values of $. We will note below the difficulties involved in estimating any one of the principal stresses.
LABORATORY STRENGTH MEASUREMENTS Brittle Fracture
For the present discussion we need only consider the magnitude of $ for rocks and how it varies with the pressure, temperature, and strain rate encountered in crustal rocks. The subject has been most recently reviewed by Paterson [1978] , Jaeger and Cook [1976] , and Ohnaka [1973] . Assuming crystalline rocks are of greatest interest, the room temperature results generally show that (1) $ has a marked dependence on pressure, (2) the pressure dependence, although of the same sign, varies unsystematically with rock type, and (3) $ at any one pressure can vary by a factor of up to 5, depending on rock type.
Temperature and strain rate dependences of $ also vary Evidence for fractures (joints, faults, bedding foliation, and the like) in rocks to 5-or 10-km depth was summarized by Brace [1972] . The evidence was of two types, direct observation in mines or drill holes and inference from measured electrical or fluid conductivity. Without repeating all the arguments, the evidence for a water-filled, interconnected pore space seemed compelling at least to about 5 km. Recent deep resistivity measurements [Nekut et al., 1977] suggest that the same conclusion holds to 20 km, and a recent study of crustal permeability argues for high conductivities to 8 km [Brace, 1980] . High fluid conductivity necessitates interconnecting fractures, since porosity in crystalline terrains must be a percent or less.
The lower depth limit for interconnected pore space is unknown. Plastic flow appears to be one limiting factor [Brace, 1972] , and 'healing' of cracks another [Batzle and Simmons, 1977] . Nothing is known about depths at which the latter becomes significant. Plastic flow of silicate rocks appears to begin at temperatures around 400ø-500øC [Goetze and Brace, 1972; Tullis and Yund, 1977; Paterson, 1978] . Perhaps it is safe to assume that interconnection of fractures and other pore space disappears below depths at which these temperatures are reached.
If there is a region of fractured rock, extending to perhaps 25 kin, we need to consider the effect on S. Fortunately, experimentalists have addressed this question in recent years, with a result that will be very useful for the present discussion.
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We will adopt this concept in what follows. Measured in situ stress is usually reported as total stress, and (2) will be used to relate laboratory strength criteria such as (1) to calculated lithospheric stresses. 
ESTIMATE OF LITHOSPHERIC STRESS

Extrapolation Below 4 km
Byedee's law appears to predict satisfactorily maximum or minimum horizontal stress to about 4 km, and it is of interest to extrapolate the law to greater depths. Eventually, temperature effects will play a greater role. To take these into account, we need to consider rock plasticity. In this paper we use experimental flow laws for quartz and olivine based on the assumption that properties of these minerals will control the stress levels in the lower crust and upper mantle. Although this assumption is plausible for olivine and the upper mantle, the use of quartz is questionable for crustal rocks. Feldspar almost certainly plays a major role; however, its ductile behavior is poorly understood. Quartz is apparently more ductile than feldspar at lower crustal temperatures [Tullis and Yund, 1977] , so that the quartz flow law will give at best a lower bound to the crustal stress.
Strength in the ductile regime is probably independent of pore pressure, so this complication can be avoided. However, strength is dependent on strain rate and temperature. Current understanding of the flow law of olivine was summarized by Goetze [1978 4. The level of pore pressure (as shown by the value of Jk) has great influence on crustal stress levels. For example, the stress drops from its maximum possible value when the rocks are dry (Jk -0) to zero when the pore pressure is equal to the lithostatic pressure (Jk = 1), that is, when the total stress is hydrostatic and equal to the vertical stress.
What is known about pore pressure level at depth? Unfortunately, almost nothing, so that this parameter is almost totally unconstrained at this time. One new inference may be drawn from a reeent analysis of crustal permeability [Brace, 1980] . CrystallineSrocks to about 8 km appear to have a permeability comparable to that of sandstone. Bredehoefi and Hanshaw [1968] found that pore pressure under these circumstances could not be much different than hydrostatic, for times relevant to most geologic phenomena. The same conclusion applies here for crystalline rocks which outcrop at the surface. They concluded that high pore pressure required a thick argillaceous section to act as an impermeable blanket. This conclusion may be generally true not only for sedimentary but also for crystalline rocks.
